Critical limb ischemia (CLI) is a major cause of limb loss and mortality among patients with advanced peripheral artery disease. Our objective was to evaluate the gender-specific differences in patient characteristics and clinical outcomes among patients with CLI. We performed a retrospective analysis of 97 women and 122 men presenting with CLI who underwent angiography from 2006 to 2010. Baseline demographics, procedural details, and lesion characteristics were assessed for each patient. Kaplan-Meier analysis was used to assess long-term patient and lesion-level outcomes. Cox proportional hazard modeling was used to evaluate the relationship between gender and major adverse cardiovascular events (MACE). Compared to men, women were less likely to have a history of coronary artery disease (39% vs 54%, p = 0.02) or diabetes (57% vs 70%, p = 0.05) but had similar baseline medical therapy. At angiography, women were more likely to have significant femoropopliteal (77% vs 67%, p = 0.02) and multi-level infrainguinal disease (63% vs 51%, p = 0.02). Women were also more likely to undergo multi-vessel percutaneous intervention (69% vs 55%, p = 0.05), but had similar rates of limb salvage after percutaneous intervention or surgical bypass (HR 0.94 [95% CI 0.45-1.94], p = 0.9). During follow-up, women had higher rates of subsequent major adverse cardiovascular events (HR 1.63 [95% CI 1.01-2.63], p = 0.04). In conclusion, women with CLI are more likely to present with femoropopliteal and multi-level infrainguinal disease. Despite similar rates of limb salvage, women with CLI have an increased rate of subsequent major adverse cardiovascular events.
Introduction
Critical limb ischemia (CLI) is an advanced stage of peripheral artery disease (PAD) characterized by ischemic rest pain, ulcers and gangrene and is associated with an increased risk of limb loss and mortality. 1, 2 In addition to significant morbidity from limb loss, these patients are also at high risk for subsequent cardiovascular events, including myocardial infarction and stroke. 2, 3 The overall mortality rate of patients with CLI is approximately 50% at 5 years. 2 While gender-related differences in coronary artery disease and stroke have been studied extensively, gender differences in PAD and CLI remain understudied. [4] [5] [6] [7] Compared to men, women with PAD may present at an older age with atypical symptoms and more advanced atherosclerotic disease. 8 Preliminary research has also suggested that women with PAD and CLI have worse long-term outcomes. [9] [10] [11] [12] [13] The need for additional studies in this area was recently highlighted by a call to action for studies of women and PAD by the American Heart Association. 7 The goal of this study was to analyze gender-related differences in baseline characteristics, lesion characteristics and clinical outcomes among patients with CLI who underwent peripheral angiography and subsequent treatment, consisting of endovascular intervention, surgical bypass grafting, or primary amputation. We hypothesized that women with CLI would have more severe angiographic disease and would have higher subsequent rates of major adverse cardiovascular events during long-term follow-up.
Methods

PAD-UCD Registry
The PAD-UCD Registry consists of all patients with a clinical diagnosis of PAD who underwent diagnostic peripheral angiography or therapeutic percutaneous intervention at the University of California at Davis, Medical Center between 1 June 2006 and 1 December 2010. At the time of data extraction 622 patients were included in the overall data registry. For this retrospective chart review the subset of patients in the registry with CLI (219, representing 35% of the total registry) were analyzed. CLI was defined as Rutherford category 4-6 disease (defined as ischemic rest pain, minor tissue loss, or major tissue loss, respectively) based on review of clinic notes, history and physical examination, and hospital discharge summaries. The median length of patient follow-up was 2.2 years.
Data collection and definitions
After approval by the Institutional Review Board at University of California at Davis, Medical Center, baseline data were collected from review of electronic medical record documentation and procedure notes. Pre-and post-procedure clinical notes and the admission history and physical documentation were used to identify clinical presentation as well as post-procedure outcomes and medical management. This information was entered into a pre-specified case report form with standardized data entry. A complete listing of all data definitions can be found in the accompanying supplemental material. Two authors (EA and UJ) reviewed all angiographic images to verify lesion location, presence of chronic occlusion, TransAtlantic Inter-Society Consensus (TASC II) classification, extent of calcification, presence of thrombus, and status of the distal run-off vessels. Quantitative angiography was performed on all target lesions to evaluate the pre-and post-intervention percent diameter stenosis, lesion length, and reference vessel diameter.
Procedural data included whether the lesion was a restenosis, the type of intervention, whether a stent was placed, and whether the intervention involved balloon angioplasty, cutting balloon angioplasty, excisional or rotational atherectomy, thrombolysis, thrombus aspiration, rheolytic throm bectomy, or cryoplasty. Procedural success was defined as < 30% stenosis at the conclusion of the procedure. Lesion post-procedure outcomes were determined by clinical follow-up and duplex ultrasound surveillance performed routinely at 1, 6, and 12 months.
During follow-up, death, myocardial infarction (MI) or stroke were identified through electronic documentation of clinic or inpatient notes as well as the Social Security Death Index. Major amputation was defined as any amputation above the level of the ankle joint. Lesion patency was followed with serial ankle-brachial index (ABI) and toe-brachial index (TBI) measures and peak systolic velocity (PSV) at 0-30 days, 4-6 months, and 9-12 months. ABI and TBI were obtained by measurement of systolic brachial and tibial artery pressures with a standard blood pressure cuff and continuous wave Doppler. The highest pressures in each foot were used to calculate right and left ankle/arm ratios. Photoplethysmography was used to obtain systolic pressure from the great toe. Restenosis (loss of primary patency) following the initial revascularization was defined as the presence of > 50% stenosis at the treatment site or by target vessel revascularization. For each vessel segment the highest peak systolic velocity obtained was used as the sample measure. A peak systolic velocity ratio ≥ 2.0 defined as the peak systolic velocity within the lesion segment divided by the peak systolic velocity in the nearest normal segment was used to define 50% or greater stenosis at each interval duplex ultrasound examination.
Outcomes
The primary endpoint was the occurrence of any major adverse cardiovascular events (MACE), defined as death, MI, or stroke during the follow-up period for all patients with CLI who had undergone peripheral angiography. Patients were included in the primary outcome regardless of whether they subsequently underwent endovascular intervention, surgical bypass, or primary amputation.
Secondary endpoints included primary patency (< 50% stenosis at any point during the follow-up period), primary assisted patency (patency of the target vessel regardless of secondary interventions performed to restore blood flow after restenosis), secondary patency (patency of the target vessel regardless of secondary interventions performed to restore blood flow after reocclusion) and not patent status (100% occlusion without revascularization).
Data analysis
Median values with interquartile ranges were used to describe continuous variables, and numerical values (percentages) were used for categorical variables. Univariate analysis was used to identify differences between men and women with CLI. Continuous variables were compared using the Kruskal-Wallis test. Categorical values were compared by the chi-squared or Fisher's exact tests.
Long-term mortality was analyzed using Kaplan-Meier survival analysis and the log-rank test. A Cox proportional hazard model was developed to explore the relationship between gender and MACE. Several known risk factors for mortality (age, history of coronary artery disease, diabetes, chronic kidney disease) were automatically included in the analysis. In addition, a list of possible confounders was generated using a directed acyclic graph. Confounders from this second group were retained if they were found to be associated with the outcome, using a p-value < 0.1 as a cut-off for inclusion. 14 The final variables in the model included age, coronary artery disease, diabetes, chronic kidney disease, and prior coronary artery bypass graft. The proportional hazards assumption was verified using log-log plots. All analyses were performed using STATA Version 11.2 (STATA Corp., College Station, TX, USA). A p-value < 0.05 was considered significant.
Results
Demographics
During the study period, 219 patients (97 women and 122 men) with CLI underwent peripheral artery angiography. Patient characteristics and risk factors are summarized in Table 1 . Compared to men, women with CLI were less likely to have a history of diabetes (57% vs 70%, p = 0.05) or coronary artery disease (39% vs 54%, p = 0.02). There were no differences in other demographic characteristics, including tobacco use, heart failure (HF), hypertension, stroke, malignancy, chronic obstructive pulmonary disease (COPD), carotid stenosis, prior amputation, or hemoglobin A1c (HbA1c).
Baseline medical therapy did not significantly differ based on gender, with similar prescription rates of statins, beta-blockers, angiotensin converting enzyme inhibitors, aspirin, and clopidogrel. There also were no significant differences in aspirin or clopidogrel use at 30 days post-procedure. As expected, women were more likely to be taking estrogen hormone therapy (6% vs 1%, p = 0.02). Women with CLI also had a more favorable baseline cholesterol profile, with similar baseline low-density lipoprotein (LDL) (78 vs 74 mg/dl, p = 0.4) and higher baseline high-density lipoprotein (HDL) (41 vs 32 mg/dl, p = 0.002). Table 2 summarizes the anatomic level of disease as well as lower extremity run-off based on diagnostic angiography. Women were more likely than men to have significant femoropopliteal disease (77% vs 67%, p = 0.02). Women were also more likely to have multi-level infrainguinal disease (63% vs 51%, p = 0.02), defined as significant stenosis in both femoropopliteal and infrapopliteal vessels. There was no significant difference in the presence of aorto-iliac (21% vs 27%, p = 0.6) or infrapopliteal (80% vs 74%, p = 0.6) disease between men and women. Additionally, there was no significant difference in the prevalence of chronic total occlusions between genders. After initial diagnostic angiography, 82 (67%) men and 76 (78%) women underwent percutaneous intervention (p = 0.06). Women were more likely than men to undergo multi-vessel intervention (69% vs 55%, p = 0.05). Table 3 summarizes lesion characteristics among patients who underwent femoropopliteal interventions. When compared to men, women had similar TASC II lesion classification, prevalence of chronic occlusions, and overall lesion length, but were less likely to have severe calcification (9% vs 28%, p = 0.001). Vessel diameter was also smaller in women (4.9 ± 0.9 mm vs 5.5 ± 1.0 mm, p < 0.0001). The initial procedural success rate was higher for women than men (99% vs 91%, p = 0.001). Rates of stent placement were similar between women and men (48% vs 41%, p = 0.3). There were no significant differences in patency on evaluation of post-procedure outcomes at 1 year for primary patency, primary assisted patency or secondary patency (Table 3 ). This is also demonstrated in Figure  1 , showing no gender-related difference in restenosis rates of femoropopliteal lesions over time (hazard ratio (HR) 0.76 [95% CI 0.46-1.26], p = 0.3 for women). Table 4 summarizes lesion characteristics among patients who underwent infrapopliteal interventions. When compared to men, women had similar lesion lengths, calcification, prevalence of chronic total occlusion, and vessel diameter. Overall procedural success was also similar (89% vs 93%, p = 0.3). Women demonstrated worse post-procedural outcomes than men with significantly lower rates of primary patency and primary assisted patency (Table 4 ). This is also reflected in Figure 2 , with women demonstrating a higher risk for subsequent restenosis of the target vessel. The hazard ratio for restenosis among women undergoing infrapopliteal interventions was 1.9 (95% CI 1.10-3.60, p = 0.04).
Angiographic characteristics and lesion outcomes
Among the entire cohort of 219 patients with CLI who underwent peripheral angiography, 44 patients (20%) required surgical bypass for limb salvage. Among this group, 20 were women (23% of women) and 24 were men (20% of men, p = 0.9). Despite the fact that women were more likely to have restenosis following infrapopliteal interventions, overall limb salvage was similar in both genders ( Figure 3 ), with no difference in amputation rates over time (HR 0.94 for women [95% CI 0.45-1.94], p = 0.9).
In the overall cohort, 29 patients (16 men and 13 women) eventually required amputation above the level of the ankle joint. Among the 16 men who required amputation, 10 had attempted endovascular intervention, one had surgical bypass first, and five had primary amputation after diagnostic angiography. Among the 13 women who required amputation, eight had attempted endovascular intervention, two had surgical bypass first, and three had primary amputation after diagnostic angiography.
Long-term cardiovascular outcomes
During long-term follow-up, the rate of MACE was higher in females (Figure 4a) , with a hazard ratio of 1.63 compared to men (95% CI 1.01-2.63, p = 0.04). After Cox proportional hazard modeling, female gender remained Figures 4b-d ).
Discussion
Women with PAD represent a growing population of patients. 7 Prior studies, primarily based on surgical literature, have demonstrated that women often present later in the disease process with more advanced disease and have lower rates of bypass graft patency. [9] [10] [11] [12] [13] Because patients are increasingly treated with less invasive endovascular procedures, these data may not represent the current outcomes of all patients with CLI. This contemporary cohort of patients with CLI has three major findings. First, we found that, compared to men, women with CLI had a higher composite rate of major adverse cardiovascular events. Second, women were more likely to have femoropopliteal disease as well as multi-level infrainguinal disease. Third, women were more likely to undergo multi-level infrainguinal interventions and develop infrapopliteal restenosis after endovascular intervention, yet major amputation rates were similar between women and men. In our cohort, female gender was associated with significantly increased rates of subsequent MACE. To our knowledge, this is the first study to evaluate the influence of gender in CLI on MACE as a whole and utilizing individual components of adverse outcomes. 7 Prior work has demonstrated that patients with PAD have a significantly increased risk of cardiovascular events when compared to the overall population. 15 Evaluations of gender differences in patients with PAD have suggested that women have a higher risk of mortality, particularly when they have a history of cerebrovascular or coronary disease. 9 Historically, in studies of surgical graft bypass outcomes, women have been found to have either equivalent or higher mortality rates when compared to men. 2, 9, 13 Our findings are particularly compelling because at the time of angiography women had a lower prevalence of known CAD and a higher baseline HDL than men. There are several potential explanations for our finding of increased MACE in women. First, this could be due to the continued lack of recognition of CAD in women, whether due to bias in diagnosis or differences in presentation compared with men. Other studies of PAD and CLI have also reported a significantly lower prevalence of CAD in women. 16, 17 Second, women with PAD and CLI may have more extensive overall atherosclerotic burden, thereby raising their rates of subsequent stroke and mortality. Third, the differences in observed outcomes may be attributable primarily to female gender. Possible etiologies could include hormonal differences between men and women and differences in underlying disease etiology, as has been hypothesized in CAD. [18] [19] [20] [21] Regardless, these findings are clinically important and emphasize the need for increased secondary risk factor modification and identification of gender-based variation in disease among women with CLI. Figure 4a . Kaplan-Meier curve for proportion of men and women free of major adverse cardiovascular events (MACE) after percutaneous intervention (myocardial infarction, stroke, death) (hazard ratio 1.63 [95% CI 1.01-2.63], p = 0.04). After Cox proportional hazard modeling, female gender remained associated with significantly higher rates of subsequent major adverse cardiovascular events (hazard ratio 1.81 [95% CI 1.08-3.05], p = 0.02). Compared to prior studies of patients with both PAD and CLI, this cohort of patients with CLI demonstrated some notable differences. Prior studies have included an older overall population, with women on average being older than men with CLI. 8, 13, 16, 21, 22 Similar to prior studies, women in our cohort were less likely to have a history of diabetes or coronary artery disease than men. 12, 16, 17 While this finding could represent under-diagnosis or under-treatment of comorbidities, women had similar rates of statin, antiplatelet, and angiotensin converting enzyme (ACE) inhibitor treatment, suggesting that differential prescription of these medications did not affect outcomes. 23 We were also able to quantify the number of patients who were actively receiving hormone replacement therapy at the time of intervention. Though there is much speculation about the impact of hormone replacement therapy on the development of PAD and CLI, the clinical impact of hormone replacement therapy in this study was likely small, given the low overall prescription rates (6% among women). [24] [25] [26] Recent studies have provided conflicting data on the impact of gender on lesion characteristics among patients with PAD. Similar to our findings, a recent report from Europe found that women with CLI are more likely to have both diffuse disease and femoropopliteal lesions. 21 Two other international studies found that men with CLI were more likely to have iliac lesions, and that women with CLI had a higher prevalence of infrapopliteal disease. 22, 27 Other studies have not found gender-related differences in lesion characteristics, but these other studies included a heterogeneous group of patients with both stable claudication and CLI. By focusing on patients only with CLI, we were better able to distinguish differences in presentation as a function of gender.
When we focused on femoropopliteal lesions and their characteristics, we found that though there were no differences in the TASC II classification, women demonstrated less severe lesion calcification. For infrapopliteal disease we did not find any gender-based differences in baseline lesion characteristics, but women had increased rates of restenosis following intervention. Of interest, increased rates of restenosis following infrapopliteal interventions in women were not associated with an increased risk of limb loss. This finding is consistent with previous studies of endovascular interventions for CLI which demonstrated that restenosis is not directly linked to an increased risk of amputation. 28 The patient population in this study had lower than expected long-term follow-up due to a lack of repeat duplex ultrasound monitoring. However, there was no differential in the follow-up pattern and therefore we do not feel that this created a systematic bias in the results. Further prospective studies should be performed to confirm our findings.
This study has several potential limitations. First, this was a retrospective analysis. This study also represents the experience of a single academic institution and therefore may not be generalizable to all clinical settings. Patients in the study were identified as having CLI based on physical exam and patient-reported medical history, which may be subject to recall bias. ABI was not used to determine the classification of patients given that not all patients were able to receive ABI prior to angiography and the technical limitations of interpreting ABI values in a patient population with a high percentage of medial calcinosis and noncompressible arteries. However, > 80% of the patients described as having CLI in this study had evidence of nonhealing lower-extremity ulceration or gangrene on exam, which categorizes them as Rutherford class 5 or greater. Additionally, it is possible that due to differences in presentations women may present later in the disease process than men and thus have more advanced disease. While we did not identify any gender-specific patterns of medication prescriptions, the overall use of medications proven to reduce MACE among patients with PAD, including aspirin, clopidogrel, ACE inhibitors and statins, remained low. These findings emphasize the need to improve physician treatment of cardiovascular risk factors among patients with advanced PAD. Finally, the patient population included in this study was CLI patients who underwent angiography prior to planned revascularization. While this included the great majority of CLI patients evaluated at our institution, the results of this study may not be generalizable to all patients with CLI.
Conclusion
Women with critical limb ischemia are at increased risk of cardiovascular morbidity and mortality and present more frequently with femoropopliteal and multi-level infrainguinal disease compared with men. As the population of women with advanced PAD continues to increase, it will be critical to address these gender-specific issues with aggressive medical and interventional therapies.
